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Description

TECHNICAL FIELD

[0001] The presentinvention generally relates to main-
tenance of molding systems, and more specifically the
present invention relates to real-time preventative main-
tenance and repair of injection molding systems, com-
ponents, and parts. In the context of this invention, injec-
tion molding system includes both plastic and metal in-
jection molding systems, molds, hot runners, supply/
source/auxiliary equipment interacting with the molding
system, and component parts of the molding system.

BACKGROUND OF THE INVENTION

[0002] United States Patent Number 6,738,748 to
Wetzer and assigned to Accenture LLP relates to per-
forming predictive maintenance on equipment. Wetzer
discloses a data processing system and method to pre-
dict maintenance based upon one or more estimated pa-
rameters such as longevity, probability of failure (mean
time between failure), and financial estimates.

[0003] United States Patent Application
2004/0148136 to Sasaki et al assigned to Toshiba Kikai
Kabushiki Kaisha relates to a system for predictable
maintenance of injection molding equipment. Sasaki dis-
closes a data processing system and method for moni-
toring injection molding equipment where operational da-
ta is compared to theoretical estimated expected life da-
ta. For example, the hours of use may be compared to
an expected life limit or, the maximum frequency of use
may be compared to an expected life limit.

[0004] United States Patent Number 6,175,934 to Her-
shey et al assigned to the General Electric Company re-
lates to a satellite based remote monitoring system. The
system places remote equipment into a test mode to per-
form remote predictive assessment. A disadvantage of
this approach is the requirement to take a piece of equip-
ment off-line to conduct the test.

[0005] United States Patent Number 6,643,801 to
Jammu et al and assigned to the General Electric Com-
pany relates to a method for analyzing fault log data and
repair data to estimate time before a machine disabling
failure occurs. Fault data and repair data are used to
estimate the time before a failure occurs. Service infor-
mation, performance information, and compartment fail-
ure information are analyzed to determine a performance
deterioration rate to simulate a distribution of future serv-
ice events. The system is based upon operational levels
of vibration in contrast to ideal or acceptable levels of
vibration.

[0006] United States Patent Number 6,192,325 to Pi-
ety et al and assigned to the CSI Technology Company
and relates to a method and apparatus for establishing
a predicative maintenance database.

[0007] United Sates Patent Number 6,799,154 to
Aragones et al assigned to the General Electric Company
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relates to a system for predicting the timing of future serv-
ice events of a product.

[0008] JP 2001 058342A, to Shnhei and Tamotsu and
assigned to Surmitorno Heavy Industries Ltd (which is
considered to represent the closest prior art) identifies
the following problem and solution: PROBLEM TO BE
SOLVED: To prevent the sudden maltunction of a ball
screw by means of a low-cost device by installing a tem-
perature detector which detects the temperature of a nut
for the ball screw for driving and detecting the damaged
state of the ball screw according to variations of a detec-
tion value by the temperature detector, in the drive sys-
tem of a motor-driven injection molding machine, SOLU-
TION: In a motor-driven injection molding machine
equipped with a ball screw, a screw 12 is connected to
a ball screw shaft 33 by means of bearings 31, 32 in a
bearing box 13 and the thread part 33a of the ball screw
shaft box 33 is screwed into a ball nut 35 fixed to a frame
16 through a load meter 34. In this case, a thermometer
is mounted at a position about 1-2 mm above the groove
bottom of a ball of the ball nut 35. When the ball nut 35
shows a specified temperature when measured by the
thermometer, i.e., an increase of about 10°C over a tem-
perature level during routine operation, an alarm signal
is output by a control circuit or the like to prompt replace-
ment of only the ball before the occurrence of damage
in the ball screw shaft 33 and the ball nut 35 and thus
the maintenance of the ball screw is securely ensured.
[0009] United States Patent Application no.
2004/0217501A1 to Hakoda teaches a mold-clamping
control method for an injection molding machine includes
the steps of detecting a value of a monitor item in a mon-
itor region predetermined in relation to a mold closing
operation in a mold clamping step; performing emergen-
cy processing when the detected value exceeds a thresh-
old value; and performing an automatic selling operation.
This automatic selling operation includes the steps of pe-
riodically detecting the value of the monitor item in the
monitor region at predetermined sampling intervals to
thereby obtain detection vaiues in sampling order; re-
peating the step of periodical detection for each of a pre-
determined number of shots, obtaining threshold values
and torque limit values for individual places of sampling
order, on the basis of the detection values, by use of
predetermined arithmetic expressions; and storing the
obtained threshold values and torque limit values for con-
trol, use.

[0010] United Sates Patent Application no.
2002/0143421A1 to Wetzer teaches a data processing
system stores a first database of component data on
components of an equipment. The data proccessing sys-
tem stores a second database of maintenance personnel
associated with corresponding qualifications. The data
processing sys tem associates at least one predictive
maintenance factor (for a component) with the corre-
sponding component data. A scheduler schedules main-
tenance for a maintenance time period for at least one
of the components based on the first database, the sec-
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ond database the associated predictive maintenance
factor, and an elapsed time with respect to an installation
dale of at least one component. The predictive mainte-
nance factor may be defined by one or more of the fol-
lowing: a longevity estimate. a probability of failure, a
financial estimate on maintenance of a component.
[0011] However, problemsremain with the known prior
art approaches that apply estimated or theoretical values
to predictive maintenance. A component or part may fail
in advance of the estimated values and there is no warn-
ing or indication that a component or part may fail in ad-
vance of the estimate values. A component or part may
be replaced when it still has a good useful life. Any of
these situations cause unnecessary expense and main-
tenance.

[0012] For example, the estimated useful life of an oil
filter in the hydraulic circuit of a power pack might be
10,000 hours of operation. The prior art systems simply
record the number of hours of usage, and then schedule
a replacement of the oil filter when the hours of usage
approach or reach the limit of 10,000 hours. However, if
a seal fails or contaminants enter the oil system, the oil
filer could fail in advance of reaching the limit, potentially
causing damage to other components in the hydraulic
system and power pack.

[0013] In addition, the prior art systems do not take
into account different environmental aspects of operating
equipment at different customer locations and different
globallocations around the world. For example, humidity,
air temperature, cooling water quality, and altitude may
impact the performance and reliability of a molding sys-
tem. For example, some customers run equipment hard-
er than other customers. The prior art systems do not
take into account the aspect of supporting and maintain-
ing such equipment on a global scale.

[0014] The prior art approaches relate to predictive
maintenance. Predictive maintenance attempts to max-
imize the use of a component or part based upon statis-
tical predetermined information in advance of a theoret-
ical point of failure. However, predictive maintenance
does not take into account events or indicators that warn
of a premature failure in advance of the theoretical point
of failure.

SUMMARY OF THE invention

[0015] According to a first aspect of the present inven-
tion, there is provided a method for real-time preventative
maintenance of a molding system. The method compris-
ing the steps of:

said molding system indicating an out of tolerance
condition based upon at least one real-time opera-
tional parameter of said molding system being out-
side of an operational limit defined by real-time
threshold data; said molding system creating an alert
notice for preventative maintenance;

aid molding system communication said alert notice
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to a customer system; and

said molding system updating the value of said real-
time threshold data when a previously measured val-
ue for said at least one real-time operational param-
eter is outside of said operation limit as defined by
said real-time threshold data at the time of measuring
said previously measured value for said at least one
real-time operational parameter.

[0016] According to a second aspect of the present
invention, there is provided an apparatus for real-time
preventative maintenance of a molding system compris-

ing:

preventative maintenance logic,

business system logia,

service scheduling logic, and

parts management logic,

said preventative maintenance logic capable of re-
ceiving an alert notice for said preventative mainte-
nance based upon areat-time operational parameter
of said molding system under at least one of the fol-
lowing conditions, or any combination or permutation
thereof

said real-time operational parameter is below an op-
erational limit defined by real-time threshold data,
said real-time operational parameter is below a min-
imum operational limit for a maximum accumulated
duration as defined by said real-time threshold data,
said real-time operational parameter is above said
operational limit defined by said real-time threshold
data, or

said real-time operational parameter is above a max-
imum operational limit for the maximum accumulat-
ed duration as defined by said real-time threshold
data; and

wherein the value of said real-time threshold data is
updatable based upon a previously measured value
for said at least one real-time operational parameter
being outside of said operation limit as defined by
saidreal-time threshold data at the time of measuring
said previously measured value for said at least one
real-time operational parameter.

[0017] A technical effect, amongst other technical ef-
fects, of the present invention is real-time sensing of op-
erational data for assessment by the system to predict
or indicate a potential failure in advance of actual failure.
Indicating potential failures in advance of actual failures
provides better up-time to customers. Other technical ef-
fects may also include any combination or permutation
of proactive monitoring, diagnostics, and remote control
of molding systems to assist with customer productivity,
reduce unscheduled maintenance, and align with sched-
uled maintenance. For the manufacturer or customer
service provider, better spare parts management and
better access to the customer.

[0018] Preventative maintenance of the presentinven-
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tion is different from the prior art approaches of predictive
maintenance. Preventative maintenance monitors sen-
sors in real-time to identify indicators of early or prema-
ture failure of components or parts. Preventative main-
tenance also monitors other conditions that would lead
to premature failure of components or parts. Upon iden-
tification of these indicators, preventative maintenance
will determine the best fit to a manufacturing cycle for
maintenance of the molding system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] A better understanding of the exemplary em-
bodiments of the presentinvention (including alternatives
and/or variations thereof) may be obtained with reference
to the detailed description of the exemplary embodiments
along with the following drawings, in which:

Figure 1is a schematic representation of an injection
molding system;

Figure 2 is a schematic representation of an injection
unit with sensors;

Figure 3 is a schematic representation of a clamp
with sensors;

Figure 4 is a schematic representation of a mold with
Sensors;

Figure 5is a schematic representation of a hotrunner
with sensors;

Figure 6 is a schematic representation of a real-time
preventative maintenance system illustrating the
pre-indicator portion of the system; and

Figure 7 is also a schematic representation of a real-
time preventative maintenance system illustrating
the post-indicator portion of the system.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT(S)

[0020] Referring now to the schematic representation
of a molding system 100 as illustrated in Figure 1, the
molding system may be a metal molding system or a
plastics molding system. The molding system includes
an injection unit 108 for creating a shot of melt. A drive
118 provides operational power for rotating and translat-
ing a screw (not shown). The drive 118 may be electric,
hydraulic, or a combination of hydraulic and electric. A
barrel 109 of the injection unit 108 includes heaters (not
shown) to assist melting the raw material. Alternatively,
the injection unit 108 could comprise a well known shoot-
ing pot style of injection unit.

[0021] A clamp is illustrated as 102. The clamp in-
cludes a pair of platens 103, 105 to receive a mold 104.
While the presently-illustrated embodiment shows only
two platens, molding systems 100 having a different
number of platens are also within the scope of the inven-
tion. A drive 120 provides operational power to translate
a moving platen 103 and to provide clamp tonnage. The
drive 120 may be electric, hydraulic, or a combination of
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hydraulic and electric.

[0022] The mold 104 includes a hot half 104b and a
cold half 104a and provides at least one core and cavity
(not shown) to form a molded part. Alternatively, a rotary
turret could be used, having multiple mold cold halves.
Optionally, the mold 104 includes a hot runner 106 for
distributing the melt within the mold 104. The hot runner
106 includes electrical heaters (not shown) for keeping
a melt at an elevated temperature.

[0023] A power pack 110 is provided for the molding
system 100. The power pack 110 includes a control sys-
tem 114 to control the molding system 100, a hydraulic
portion 112 to provide hydraulic power (if hydraulics are
required). Preferably, the control system is an Intel®
based computer with a Windows® based operating sys-
tem such at the Husky® Polaris® Control System. Op-
tionally, in the case of an all electric molding system 100,
a hydraulic portion 112 is not required. The power pack
110 also includes electrical components (not shown) and
circuitry 116.

[0024] The molding system may optionally include
auxiliary equipment 119. Auxiliary equipment can include
parts-handling equipment such as robots and conveyers,
parts-treating equipment such as chillers or dryers, filters,
part-assembling or filling equipment, or blow-molding
equipment. Other auxiliary equipment 119 will occur to
those of skill in the art.

[0025] The molding system 100 includes a connection
toasupply 122. The supply 122 provides electrical power
and chilled water to the molding system 100. Optionally,
the chilled water may be applied to keep other devices
cool, for example electric motors and electrical compo-
nents (not shown).

[0026] Inoperation ofthe molding system 100, raw ma-
terial 124 is feed into the injection unit 108. The injection
unit creates a shot of melt. The clamp 102 closes the
mold 104 and then applies tonnage to the mold 104. The
injection unit 108 injects the shot of melt into the mold
104. When the formed part 126 is cooled, it is removed
from the mold 104 and the process repeats.

[0027] Molding systems 100 are designed torunseven
days a week, 24 hours a day producing molded parts,
for example PET performs, or automotive parts. For ex-
ample, a PET perform system may have the capability
to produce 192 preforms every 15 seconds and an un-
scheduled down-time can have a significant financial im-
pact to business. At the same time, known periodic main-
tenance can be planned for during an active production
run and preventative maintenance can take advantage
of known or scheduled down-times.

[0028] Referring now to Figure 2, the injection unit 108
is further described. The drive 118 may include sensors
202. For an electric drive typical sensors 202 include
those for temperature, voltage, and current. For a hy-
draulic drive, typical sensors 202 include those for tem-
perature and hydraulic pressure.

[0029] Theinjectionunit 108 alsoincludes sensors 204
along a length of the barrel 109 for sensing temperature.
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The sensors 204 are also capable of measuring voltage,
and current supplied to the electrical barrel heaters.
[0030] The injection unit 108 also includes pressure
sensors 206 located upon a length of the barrel 109 to
indicate pressure in the barrel 109, and pressure differ-
entials before and after the check valve (not shown) lo-
cated on the screw (not shown) and within the barrel 109
of the injection unit 108. Sensors 210 could also measure
resin viscosity.

[0031] Sensors 200 determine the dryness of the raw
material that is provided into a feed throat (not shown)
of the injection unit 108. Sensors 212 could also measure
the ambient air temperature and humidity (the operating
environment around the molding system). Different raw
materials require a different dryness in order to be proc-
essed and provide a good quality part.

[0032] Sensors 208 monitor the temperature and flow
rate of the supplied chilled water. Sensors 214 could also
monitor the physical properties of chilled water. In addi-
tion, sensors 216 could monitor voltage and current of
the supplied power.

[0033] Sensors 200, 208, and 212 are intended to
monitor external factors that could lead to damage of the
molding system 100, components, or molded parts (not
shown). For example, dirty electricity, voltage/current
spikes, poor water quality, poor quality hydraulic oil, air
quality, pollution, machine vibrations and dust.

[0034] Referring now to Figure 3, the clamp 102 is fur-
ther described. The clamp 102 includes a drive 120. For
the case of an electric drive, the sensor 302 may monitor
voltage, current, and temperature. For the case of a hy-
draulic drive, the sensor 302 may monitor, temperature
and pressure. A hybrid drive would have a combination
of sensors. The clamp 102 also includes various sensors
300 to monitor stress, strain, and positional alignment of
the platens 103, 105.

[0035] Referring now to Figure 4, the mold 104 is fur-
ther described. The mold 104 includes a cold half 104a
and a hot half 104b. The hot runner 106 is mounted in a
hot half 104b. Sensors 400 monitor the temperature of
the chilled water required to cool the part (not shown).
Sensors 402 monitor the temperature of the hot half
(104b). Location of sensors 400 and 402 could be cavity
by cavity, or regional within a single cavity (not shown).
Additional sensors (not shown) may be applied to detect
flash, or misalignment between the hot half 104b and the
cold half 104a, or detect removal of the parts from the
mold, or monitor post mold cooling.

[0036] Referring now to Figure 5, the hot runner 106
is further described. Sensors 500 monitor temperature
of the melt and/or hot runner components (not shown)
and sensors 502 monitor pressure of the melt in the hot
runner system. Additional sensors 504 may be applied
to determine the operation or position of a valve gate in
a valve gated hot runner.

[0037] Referring back to Figure 1, for systems having
auxiliary equipment 119, sensors 519 are provided to
collect operational data from the auxiliary equipment 119
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previously described. Itis contemplated that sensors 519
can be located beyond molding system 100, but operable
to transmit operational data via a physical or wireless link
(not shown) back to the molding system. For example, if
auxiliary equipment 119 included a visioning system (not
shown), then sensor 519 would detect problems with the
formed parts 126 that in turn relates to problems with the
molding system 100 or components of the molding sys-
tem 100. As another example, the visioning system could
detect the presence of a stringy gate which in turn relates
to a potential temperature issue at a gate (not shown).
In another example, auxiliary equipment 119 could in-
clude a parts bin located at the end of a conveyer belt
which transports the molded articles from molding sys-
tem 100. When the parts bin is full (determined by sensor
519), this information is transported back to molding sys-
tem 100.

[0038] Referring now to Figure 6, a real-time prevent-
ative maintenance system 600, which provides prevent-
ative maintenance logic, in accordance with an embod-
iment of the presentinvention is described. The real-time
preventative maintenance system 600 includes sensors
612, which may include all or some of the sensors (200,
202, 204, 206, 208, 210, 212, 214, 216, 300, 302, 400,
402, 500, 502, 504 and 519) previously described. Per-
sons skilled in the art will appreciate sensors 612 are
readily available. For example, a thermocouple will sense
temperature. A transducer will sense pressure. A volt-
meter will sense voltage and an ammeter will sense cur-
rent. In addition, persons skilled in the art will also ap-
preciate a combination of sensors 612 could be arranged
to monitor and provide unique parameters.

[0039] The real-time preventative maintenance sys-
tem 600 furtherincludes a comparator module 602, which
provides the logic to determine whether a sub-assembly
or component of molding system 100 is operating outside
of its normal range. The comparator module 602 has ac-
cess to real-time threshold data 616 and to real-time op-
erational parameters 606 (measured by the sensors
612.)

[0040] The real-time threshold data 616 may include
one or more of:

a) minimum operational limit data,
b) normal operational data (range), and
¢) maximum operational limit data.

[0041] It is contemplated that additional limits and
ranges could be provided to provide a greater granularity.
For example, real-time threshold data 616 could include
an "above" normal operational limit, and an "absolute"
maximum operational limit. The real-time preventative
maintenance system 600 may include threshold data 616
for many operational measurements, such as voltage pa-
rameters, current parameters, pressure parameters,
temperature parameters, humidity parameters, acidity
parameters, alkalinity parameters, stress parameters,
strain parameters, viscosity parameters, alignment pa-
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rameters, machine vibration parameters and molded part
quality parameters. Other types of threshold data 616
will occur to those of skill in the art. For example, with a
particular drive 118, there are specifications for operating
the drive under normal conditions. Optionally, there are
operational limits (minimum and maximum) that provide
a range of operational parameters for the drive. As an-
other example, there are specifications for operating
electrical heaters under normal conditions and optionally,
limits (minimum and maximum) that provide a range of
operational parameters for the heaters.

[0042] The real-time operational parameters 606 may
include real-time measurements of voltage, current,
pressure, temperature, humidity, acidity, alkalinity,
stress, strain, viscosity, fluid cleanliness, alignment, and
mold part quality, machine vibrations, amongst others,
as measured in real-time from the sensors 612.

[0043] Both the real-time threshold data 616 and the
real-time operational parameters 606 are correlated for
each aspect of the molding system 100. For example,
they are correlated for the injection unit 108, clamp 102,
mold 104, hot runner 106, auxiliary equipment 119, raw
materials 124, and the supply 122. The data and param-
eters could also be correlated for additional devices and
options such as post mold cooling.

[0044] The comparator module 602 comparesthereal-
time operational parameters 606 with the real-time
threshold data 616 to determine if a componentis running
within the normal range, below a minimum operational
limit, or above a maximum operational limit, or a rate of
change or frequency towards an operational limit.
[0045] If the comparator module 602 determines the
component is running below the minimum operational
limit or above a maximum operational limit, for the case
wherein this is not allowed, the comparator module 602
will trigger an indicator module 604 to generate an alert
notice for preventative maintenance. For the case where
this is allowed for a period of time, or for a predefined
number of occurrences exceeding the operational range
without damage, then the comparator module 602
checks the history module 608 to determine the frequen-
cy information and data to see if the maximum frequency
of this value has been exceeded and trigger the indicator
module 604 to generate the alert notice indicating pre-
ventative maintenance is required. Using the data pro-
vided by history module 608, comparator module 602
can determine the frequency of occurrence in measured
operational values, the rate of change, or determine trend
lines (typically indicating a loss of performance).

[0046] Optionally, when comparator module 602 de-
termines that a component is running above a maximum
operational value or below a minimum operational value,
it can throttle performance until preventative mainte-
nance can be scheduled. This throttling can occur in it-
erative increments. For example, the injection cycle
might be slowed 5% for a period of time, or for a defined
number of occurrences. If comparator module 602 then
determines that the component is still running above a
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maximum vale, then the injection cycle might be slowed
an additional 5%, etc.

[0047] The indicator module 604 module may send
preventative maintenance information 601 as part of its
alert notice to the human machine interface (HMI) screen,
to a central customer computer system, or to a remote
manufacturer computer system or customer service
computer system. The computer system communicates
through a network (wired or wireless), the internet, an
extranet or an intranet. Preventative maintenance infor-
mation 601 includes, but is not limited to, customer iden-
tification, molding system identification, component iden-
tification, dates, and real-time operational parameters.
[0048] Preventative maintenance information 601 can
be represented on the human machine interface screen
as an overall "health" score. The health score could in-
dicate the operational efficiency of the molding system
100 as a percentage score, so that if molding system 100
was capable of 95% of its maximum rated operational
speed, then health score would be 95%. Alternatively,
health score could be an abstracted value of the molding
system 100’s operational health. Forexample, inasimple
arrangement, health score could start at 100%, but be
reduced by 5% for every real-time operational parame-
ters 606 that is detected out of its preferred operational
range. It is contemplated that the adjustment to health
score could be related to the degree that an operational
parameter 606 is detected out of operational range. Thus,
if hydraulic pressure is determined to be below a mini-
mum operational limit by a first amount, then health score
would be decreased 5%, but if hydraulic pressure is de-
termined to be below the minimum operational limit by a
second amount, then health score would be decreased
10%. It is further contemplated that the adjustments to
the health score could be weighted based on the severity
of the out-of-limits condition. Thus, if sensors measure
that the oil is contaminated by particulates above a max-
imum value, then health score could be decreased by a
greater amount than if the operational temperature of the
system is too high. The rules for determining the value
of health score could be set by a customer, or alterna-
tively, could be set by the manufacturer to ensure stand-
ardization of health scores across all systems. Alterna-
tively, the rules for determining the value of health score
could be set by the manufacturer, but customized to each
customer according to a particular service level agree-
ment between the two.

[0049] It is also contemplated that the health score
could be represented by a visual representation so that
a score of 90 or greater would be indicated by a green
light, a score of 65-89% would be indicated by a yellow
light, and a score of 64% or lower would be indicated by
ared light. Alternatively, a health score could be indicated
by a green light when comparator module 602 detects
that no sensors 612 are out of their preferred range, a
yellow light when one or more sensors 512 are out of
their preferred range, and by ared light when any sensors
612 are out of their preferred range by a second threshold
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indicating a more critical condition. Other visual repre-
sentation of heath scores, and other rules for determining
the severity of the health score will occur to those of skill
in the art.

[0050] The history module 608 receives real-time op-
erational parameters 606, and uses it to build and main-
tain a frequency database 624. For example, frequency
database 624 could record the number of times, or length
of time a component may be operating below the mini-
mum value or above the maximum value. The history
module 608 could contain the number of times, or length
of time that performance in molding system 100 has been
throttled. Preferably, the history module 608 also con-
tains the limit information for the system, sub-systems,
components and parts of molding system 100. Also pref-
erably, the history module 608 module also builds and
maintains a trends database 610. The trends database
610 contains trend data with respect to the operation of
the molding system 100. Examples of trend data include
rate of change data for a measured value, or a change
in performance over time for a measured value, or a leak-
age rate.

[0051] The updater module 614 maintains the real-
time threshold data 616 and provides the logic to modify
the real-time threshold data 616 based upon prior events.
Initially, the manufacturer of a component, part, system,
or sub-system provides the initial and present tense op-
erational data such as the minimum operational limits,
the maximum operational limits, and the normal opera-
tional range. Optionally for the minimum and maximum
operational limits, an amount of time, or an accumulated
amount of time, or a frequency of occurrence may be
provided to understand when a component has been
damaged, but will continue to work for some limited
amount of time without immediate failure. In addition, the
updater module 614 indicates trends towards a failure
as well as failure when it occurs. For example, a drive
118 may be operated at maximum horse power rating
for five minutes and 75% of maximum power continuous-
ly without damage. But, if the drive 118 is operated a
maximum horse power for eight minutes, it will be dam-
aged but not necessarily to the point of immediate failure.
Preventative maintenance is therefore required before
failure of the drive 118.

[0052] However, once the molding system 100 has
been in operational use for a period of time, the opera-
tional limits may change. For example, if a particular cus-
tomer is known to operate the molding system 100 ag-
gressively, the operational history provided by customer
data 620 may modify the operational data to different
limits for preventative maintenance. Customer data 620
can include the operational history of molding system
100 (as provided by history module 608), the operational
history of other molding systems (not shown) operated
by the customer, or preferred values provided by the cus-
tomer. For example, one customer might prefer an ag-
gressive parts replacement schedule in order to minimize
downtime. The updater module 614 is adaptive and may
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modify the operational data based upon the customer
data 620.

[0053] The future operational data may also change
based upon updates provided by the manufacturer data
618. For example, the manufacturer may provide a hard-
ware or software upgrade, which affects the operational
limits of molding system 100. Alternatively, the manufac-
turer may notice a recurrent problem with the product line
and issue a technical service bulletin. Manufacturer data
618 may modify the operational data to different limits
for preventative maintenance. The updater module 614
may modify the operational data based upon the manu-
facturer data 618.

[0054] The future operational data may also change
based upon a geographic location. For example, if a
molding system is located in a high humidity or high al-
titude environment, the geographic location data 622
may modify the operational data to different limits for pre-
ventative maintenance. The updater module 614 may
modify the operational data based upon the geographic
location data 622.

[0055] The updater module 614 also receives data
from the frequency database 624 and the trends data-
base 610 and is adaptive to the environment to modify
the data based upon real-time use of the molding system
100. For example, if an upper temperature limit was
thought to be 400 degrees but later determined through
use of the molding system 100 to be 350 degrees, then
the real-time threshold data 616 would be updated ac-
cordingly. In addition, the updater module 614 takes cus-
tomer data 620 and geographic location data 622 to build
a repository of system and component intelligence. This
intelligence includes the same model of molding systems
operated at different customer locations by different cus-
tomers in different geographic locations.

[0056] The update module 614, associated logic, cir-
cuitry, and data may be located or integrated with com-
ponent parts as well as the complete molding system.
For example, a first updater module 614 may be located
with a mold. A second updater module 614 could be lo-
cated with a hot runner. A third updater module 614 could
be located with a power pack 110. Then, the real-time
threshold data 616 stays with the associated system,
sub-system, or component part. If a mold 104 is removed
from production, it can be re-introduced back into pro-
duction with the last known operational data. In addition,
if a hot runner 106 has to be refurbished, it contains the
last known operational data.

Preventative Maintenance Indicator System:

[0057] The comparator module 602, real-time opera-
tional parameters 606, sensors 612, and real-time
threshold data 616 may be combined to form a prevent-
ative maintenance Indicator System.

[0058] In an embodiment of the invention the indicator
system includes a comparator module 602, at least one
real-time threshold data 616, and sensors 612. The sen-
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sors 612 provide at least one real-time operational pa-
rameter 606. The comparator module 602 comparing the
at least one real-time operational parameter 606 with the
at least one real-time threshold data 616 to indicate op-
erational status. The comparator module 602 indicates
an out of tolerance condition if the operational status is
either below a minimum operational limit or above a max-
imum operational limit.

[0059] Additionally, data from history module 608 may
be available to the comparator module 602.

[0060] Inanembodimentof the invention, the indicator
system includes a method for sampling at least one real-
time operational parameter data 606 from at least one
sensor 612 of molding system 100. Comparator module
602 compares the at least one real-time operational pa-
rameter 606 with at least one real-time threshold data
616 to indicate the operational status of molding system
100.

[0061] If the operational status is below a minimum
operational limit or above a maximum operational limit,
the comparator module 602 further determines if this con-
dition cannot be tolerated, or if this condition has occurred
more than a maximum number of times. If the answer is
yes, comparator module 602 indicates preventative
maintenance is required. Operational limits may include
at least one maximum limit and/or one minimum limit.
These limits may be based upon units of time, frequency
of occurrence, or other pre-defined molding system pa-
rameters.

[0062] The real-time operational parameters 606 and
the real-time operational threshold data 616 may include:
voltages, currents, pressures, temperatures, humidity,
acidity, alkalinity, stress values, strain values, alignment
information, viscosity, particulate contamination, ma-
chine vibrations or molded part quality, amongst others.
Additionally, the real-time threshold data 616 may include
at least one of a normal operational range value, a min-
imum limit value, or a maximum limit value, amongst oth-
ers.

[0063] The comparator module 602 produces an alert
notice in indicator module 604, which may indicate pre-
ventative maintenance for at least one of a molding sys-
tem 100, a subsystem of the molding system 100, (such
as injection unit 108 or hot runner 106), or a component
part of the molding system 100, or one of its subsystems
or auxiliary or supply systems.

[0064] The real-time threshold data 616 may pertain
to at least one of the following, a particular customer, a
geographic location, multiple customers, or multiple ge-
ographic locations.

Preventative Maintenance Update System:

[0065] The updater module 614, history module 608,
frequency database 624, trends database 610, manu-
facturer data 618, customer data 620, and geographic
location data 622 may be combined to form a preventa-
tive maintenance update system. This system keeps the
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real-time threshold data 616 up to date and current.
[0066] In an embodiment of the invention the appara-
tus for updating preventative maintenance data of a
molding system includes an updater module 614, and a
real-time threshold data 616. The updater module 614,
having access to history module 608 data, provides pe-
riodic updates to the real-time threshold data 616. The
updater module 614 may determine which categories are
applied to update the real-time threshold data 616. Up-
dater module 616 may access to history module 608 re-
motely, locally, or globally. The updater may modify at
least one data parameter of the normal operational range
value, or a minimum limit value, or a maximum limit value
for real-time threshold data 616.

[0067] In an embodiment of the invention, the method
for updating preventative maintenance data of a molding
system 100 includes:

i) receiving real-time operational parameters 606
and storing the data in history module 608;

i) sorting the history module 608 data into catego-
ries; and

iii) sending real-time periodic updates to real-time
threshold data 616.

[0068] The apparatus for updating preventative main-
tenance data of a molding system 100 may be located
with one of the following: molding system, power pack,
injection unit, clamp, mold, hot half, cold half, hot runner,
control system, auxiliary equipment or a molding system
component. There may be one apparatus for updating
preventative maintenance data of a molding system or a
plurality of apparatus for updating preventative mainte-
nance data of a molding system distributed around the
system as previously described.

[0069] The categories of history module 608 data may
include data from atleast one of frequency database 624,
trends database 610, manufacturer data 618, a plurality
of manufacturer data 618, customer data 620, a plurality
of customer data 620, geographic location data 622, and
a plurality of geographic location data 622.

[0070] Referring now to Figure 7, the preventative
maintenance system 600 is further described, once an
alert notice has been sent. As previously stated, the in-
dicator module 604 module may send, as an alert notice,
preventative maintenance information 601 to a customer
system 702 or a manufacturer (or customer service pro-
vider) having a preventative maintenance module 700.
This event may occur from a plurality of customers, a
plurality of molding systems 100, or a plurality of geo-
graphic locations. Optionally, the customer system 702
may manually provide the preventative maintenance in-
formation 601 to the manufacturer for analysis and res-
olution.

[0071] Upon receipt of preventative maintenance in-
formation 601, a general practitioner 714, such as a cus-
tomer service representative, may become involved to
assess the problem and take corrective action. If the gen-



15 EP 2 035 208 B1 16

eral practitioner 714 cannot resolve the problem nor take
corrective action, then a specialist 718, such as a higher
level customer service representative, may become in-
volved to assess the problem/ symptoms, and perform a
root cause analysis to take corrective action or provide
recommendations or actions to adjust the molding sys-
tem process parameters. Optionally, both the general
practitioner 714 and the specialist 718 have access to
customer’s molding systems 100 through a remote con-
trol and diagnostic system 716 such as the Husky® Serv-
iceLink™ technology. The ServiceLink™ technology pro-
vides a connection from a remote computer through a
network/internet connection to the compatible control
system 114 (equipped with the Polaris® controls) of
molding system 100.

[0072] In one embodiment, the operational status of
multiple molding systems 100 can be displayed on a glo-
bal health system 800. Global health system 800 re-
ceives preventative maintenance information 601 and/or
health scores from multiple molding systems 100 via the
remote control and diagnostic system 716. Preferably,
global health system 800 is operable to display on-screen
the health scores for all machines transmitting their pre-
ventative maintenance information 601. Also preferably,
global health system 800 displays the health scores on
a map display that shows the geographical location of
each connected molding system 100, based upon geo-
graphical location data 622. A global health system 800
could be offered by a manufacturer to provide a monitor-
ing service for all their clients who agree to subscribe to
a service level agreement.

[0073] A service scheduler 701 receives the prevent-
ative maintenance information 601 from the preventative
maintenance module 700. This may occur automatically
to schedule preventative maintenance or manually re-
quested by general practitioner 714 or specialist 718. The
service scheduler 701 provides scheduling logic and at-
tempts to align preventative service with known customer
down time or service time. For example, fit preventative
service into known gaps in production cycles, or within
scheduled down times. Essentially, service scheduler
701 creates a match between the service provider and
the customer when the service provider has personnel
and parts ready at the same time the customer is not in
an active production run. Preferably, service scheduler
701 includes a lookup table of time lengths required for
each known preventative service. For example, a filter
change may require 30 minutes of down time, but a mold
change would require 8 hours. Service scheduler 701
could locate the next available gap in production cycles
or scheduled down times of sufficient length to accom-
modate the preventative service. Service events and
planning include upgrades, a change part date, sched-
uled service, and production cycle scheduled down time.
In summary, when an out of tolerance condition is de-
tected by the comparator module 602 which could lead
to an instability or failure of the molding system 100, pre-
ventative maintenance of this issue is scheduled into the
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next available service event. As mentioned previously, a
comparator module 602 could throttle the operation of a
molding system 100 when a problem is detected. It is
also contemplated that service scheduler 701 could
move some or all of the jobs scheduled for the molding
system 100 to another molding system 100, depending
on the severity of the problem. By moving all the jobs
scheduled for the problematic molding system 100, serv-
ice scheduler 701 could create sufficient down time for
maintenance to occur.

[0074] A parts system 708 also receives preventative
maintenance information 601. The parts system 708 pro-
vides supply logic and ensures an available supply of
parts through inventory management 712. In addition, an
inventory location module 710 ensures parts are either
stored in a central repository, or a distributed repository
based upon the geographic or customer information pro-
vided with the preventative maintenance information
601. The inventory management 712 module may also
interact with other vendors and supply chain manage-
ment software to better predict a supply of spare parts
based upon the frequency and trend data available in the
preventative maintenance information 601. If a service
agreement is in place between the customer and the
manufacturer, parts system 708 could automatically or-
der the required repair parts to be shipped to the location
of molding system 100. Parts system 708 could interact
with service scheduler 701 to automatically order the re-
quired repair parts, and schedule a service technician
from the manufacturer to perform preventative mainte-
nance during a known gap in the production cycle.
[0075] A business system 706 provides the necessary
financial accounting and business level logic required as
a result of the customer service and spare parts activity
with a customer.

Preventative Maintenance System

[0076] The preventative maintenance module 700,
business system 706, service scheduler 701 and parts
system 708 may be grouped to form a preventative main-
tenance system for a molding system.

[0077] Inanembodiment of the invention, the prevent-
ative maintenance module 700 may communicate an in-
dication for preventative maintenance to a general prac-
titioner 714 for resolution. The general practitioner 714
in turn may transfer the indication for preventative main-
tenance to a specialist 718. Alternatively, the preventa-
tive maintenance module 700 may communicate an in-
dication for preventative maintenance directly to the spe-
cialist 718. Both the general practitioner 714 and special-
ist 718 may have access to remote control and diagnostic
system 716 logic for inspecting molding system 100, or
resolving the need for preventative maintenance. Con-
firmation may be passed back to the preventative main-
tenance module 700.

[0078] The preventative maintenance module 700 log-
ic may communicate with business system 706 for auto-
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mated invoicing and billing. The preventative mainte-
nance module 700 may also communicate with service
scheduler 701 to schedule service. Scheduling service
may be based upon fitinto a service provider’s schedule,
or fit to a customer schedule, or fit to a per-determined
existing customer maintenance schedule, or fit to avail-
ability of service personnel, or fit to the availability of serv-
ice parts.

[0079] The preventative maintenance module 700
may also communicate with parts system 708 to manage
parts inventory with either a central parts inventory or a
distributed parts inventory.

In an embodiment of the invention, the method for real-
time preventative maintenance of a molding system in-
cludes indicating an out of tolerance condition based up-
on a real-time operational status, and creating an alert
notice for preventative maintenance. The alert notice for
preventative maintenance may be communicated direct-
ly to a customer system 702 of a service provider system.
The customer system 702 in turn may communicate with
the service provider system.

[0080] The preventative maintenance module 700
may send communications to either ageneral practitioner
714 or a specialist 718 for resolution. Either of the general
practitioner 714 or specialist 718 may have remote ac-
cess and control of the molding system 100 for conduct-
ing a preventative maintenance inspection and they may
communicate the need for preventative maintenance.
[0081] Inanembodimentoftheinvention, the real-time
preventative maintenance system 600 is embodied in the
control system 114 of a molding system 100. Alternative-
ly, it may be embodied as a stand alone system at a
customer’s factory. Alternatively, it may be embodied as
a stand alone system at an equipment manufacturer’s
site providing customer service. Alternatively, it may be
partially embodied in the control system 114 of a molding
system 100 and interacting with other software systems
distributed at a customer site or a manufacturer’s site.
Thereal-time preventative maintenance system 600 may
be implemented in hardware, firmware, software or a
combination of hardware, firmware, and software. Per-
sons skilled in the art will also appreciate that the pre-
ventative maintenance system 600 may be a single in-
tegrated system, or a distributed system, with one or
many software/firmware modules, with one or many
hardware components and one or many integrated or
separate databases.

[0082] The description of the exemplary embodiments
provides examples of the present invention, and these
examples do not limit the scope of the present invention.
It is understood that the scope of the present invention
is limited by the claims. Having thus described the ex-
emplary embodiments, it will be apparent that modifica-
tions and enhancements are possible without departing
from the concepts as described.
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Claims

1. A method for real-time preventative maintenance of
a molding system (100), comprising the steps of:

said molding system indicating an out of toler-
ance condition based upon atleast one real-time
operational parameter (606) of said molding
system (100) being outside of an operational lim-
it defined by real-time threshold data (616);
said molding system creating an alert notice for
preventative maintenance;

said molding system communicating said alert
notice to a customer system (702);
characterized in that

said molding system updating the value of said
real-time threshold data (616) when a previously
measured value for said at least one real-time
operational parameter (606) is outside of said
operation limit as defined by said real-time
threshold data (616) at the time of measuring
said previously measured value for said at least
one real-time operational parameter (606).

2. The method of claim 1 wherein said alert notice for
said preventative maintenance is based upon said
at least one real-time operational parameter (606)
being below a minimum operational limit defined by
said real-time threshold data (616).

3. The method of claim 1 wherein said alert notice for
said preventative maintenance is based upon said
at least one real-time operational parameter (606)
being below a minimum operational limit for a max-
imum accumulated duration as defined by said real-
time threshold data (616).

4. The method of claim 1 wherein said alert notice for
said preventative maintenance is based upon said
at least one real-time operational parameter (606)
being above a maximum operational limit defined by
said real-time threshold data (616).

5. The method of claim 1 wherein said at least one real-
time operational parameter (606) is based upon at
least one of the following types of data, and any com-
bination or permutation thereof:

voltage; current; pressure; temperature; humid-
ity; acidity; alkalinity; stress; strain; vibration;
particulate contamination; speed of operation;
alignment; viscosity; and molded part quality.

6. An apparatus for real-time preventative mainte-
nance of a molding system (100) comprising:

preventative maintenance logic,
business system (706) logic,
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service scheduling logic, and

parts management logic,

said preventative maintenance logic capable of
receiving an alert notice for said preventative
maintenance based upon a real-time operation-
al parameter (606) of said molding system (100)
under at least one of the following conditions, or
any combination or permutation thereof:

said real-time operational parameter (606)
is below an operational limit defined by real-
time threshold data (616),

said real-time operational parameter (606)
is below a minimum operational limit for a
maximum accumulated duration as defined
by said real-time threshold data (616),
said real-time operational parameter (606)
is above said operational limit defined by
said real-time threshold data (616), or
said real-time operational parameter (606)
is above a maximum operational limit for the
maximum accumulated duration as defined
by said real-time threshold data (616);
characterized in that

the value of said real-time threshold data
(616) is updatable based upon a previously
measured value for said at least one real-
time operational parameter (606) being out-
side of said operation limit as defined by
said real-time threshold data (616) at the
time of measuring said previously meas-
ured value for said at least one real-time
operational parameter (606).

The apparatus of claim 6 wherein said preventative
maintenance logic communicates said alert notice
for said preventative maintenance to a general prac-
titioner (714) for resolution.

The apparatus of claim 7, wherein said alert notice
is visually displayed by a preventative maintenance
system (600) as an indicator representing an overall
health score of the molding system (100).

The apparatus of claim 8, wherein said overall health
score indicated by said indicator represents an ag-
gregate value compiled from at least two real-time
operational parameters (606) transmitted in said
alert notice.

The apparatus of claim 8, wherein said preventative
maintenance system (600) is operable to receive
alert notices from a plurality of molding systems
(100), and simultaneously display said indicator rep-
resenting the overall health score of each molding
system (100) of said plurality of molding systems
(100).
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11. The apparatus of claim 6, further including:

a comparator module (602);
operational limit data, defined by real-time
threshold data (616);
sensors (200), said sensors (200) providing at
least one real-time operational parameter (606)
about the molding system (100); and wherein

said comparator module (602) comparing the at
least one real-time operational parameter (606)
with said operational limit data to indicate oper-
ational status of the molding system (100); and
said comparator module (602) indicating an out
of tolerance condition if the operational status is
either below a minimum operational limit or
above a maximum operational limit for indicating
said preventative maintenance is required.

12. The apparatus of claim 11 wherein said operational
status is one of below the minimum operational limit
and above the maximum operational limit, said com-
parator module (602) further determines if this is not
allowed, or if a maximum limit has been reached,
and indicates said preventative maintenance is re-
quired.

13. The apparatus of claim 11 wherein said operational

limit data includes at least one maximum limit based

upon units of time.

14. The apparatus of claim 11 wherein said operational

limit data includes at least one maximum limit based

upon frequency of occurrence.

15. The apparatus of claim 11 wherein said operational

limit data includes at least one maximum limit based

upon a parameter which has a pre-defined value.

Patentanspriiche

1. Verfahren zur Echtzeit-Praventivwartung eines For-
mungssystems (100), mit den Schritten:

Anzeige eine Auertoleranzzustandes des For-
mungssystems, basierend auf zumindest einem
Echtzeit-Betriebsparameter (606)
mungssystems (100), der aulierhalb einer Be-
triebsgrenze liegt, die durch Realzeit-Schwel-
lenwertdaten (616) definiert wird;
Ausgabe eines Warnungshinweises des For-
mungssystems bezuglich einer Praventivwar-
tung;
Kommunizieren dieses Warnungshinweises
durch das Formungssystem an ein Kundensy-
stem (702);

dadurch gekennzeichnet, daB
das Formungssystem eine Aktualisierung des

des For-
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Wertes der Echtzeit-Schwellenwertdaten (616)
vornimmt, sobald ein vorher gemessener Wert
fir den zumindest einen Echtzeit-Betriebspara-
meter (606) sich auerhalb der Betriebsgrenze
befindet, wie sie durch die Echtzeit-Schwellen-
wertdaten (616) definiert ist, zum Zeitpunkt der
Messung des vorher gemessenen Wertes fiir
den zumindest einen Echtzeit-Betriebsparame-
ter (606).

Verfahren nach Anspruch 1, bei welchem der War-
nungshinweis fir die Praventivwartung auf dem zu-
mindest einen Echtzeit-Betriebsparameter (606) be-
ruht, der sich unterhalb einer Mindest-Betriebsgren-
ze befindet, die von den Echtzeit-Schwellenwertda-
ten (616) definiert wird.

Verfahren nach Anspruch 1, bei welchem der War-
nungshinweis fir die Praventivwartung auf dem zu-
mindest einen Echtzeit-Betriebsparameter (606) be-
ruht, der sich unterhalb einer Mindest-Betriebsgren-
ze fur eine akkumulierte Hochst-Zeitdauer liegt, die
durch die Echtzeit-Schwellenwertdaten (616) defi-
niert wird.

Verfahren nach Anspruch 1, bei welchem der War-
nungshinweis fir die Praventivwartung auf dem zu-
mindest einen Echtzeit-Betriebsparameter (606) be-
ruht, deroberhalb einer Hchst-Betriebsgrenze liegt,
die durch die Echtzeit-Schwellenwertdaten (616) de-
finiert wird.

Verfahren nach Anspruch 1, bei welchem der zumin-
dest eine Echtzeit-Betriebsparameter (606) auf zu-
mindest einen der folgenden Datentypen und einer
Kombination oder Permutation derselben basiert:

Stromspannung; Stromstarke; Druck; Tempera-
tur;

Feuchtigkeit; Saurehaltigkeit; Alkalitat; Span-
nung;

Beanspruchung; Verformung; Vibration;
Teilchenkontaminierung; Betriebsgeschwindig-
keit;

Ausrichtung; Viskositat; und Qualitat des ge-
formten Teiles.

6. Vorrichtung zur Echtzeit-Praventivwartung eines

Formungssystems (100), umfassend:

eine Praventivwartungslogik,

eine Geschéftssystemlogik (706),

eine Serviceplanungslogik, und

eine Teilemanagementlogik,

wobei die Praventivwartungslogik befahigt ist,
eine Warnungsmeldung flr die Praventivwar-
tung basierend auf einem Echtzeit-Betriebspa-
rameter (606) des Formungssystems (100) un-
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ter zumindest einer der folgenden Bedingungen
oder einer Kombination oder
Permutation derselben zu empfangen:

der Echtzeit-Betriebsparameter (606) liegt
unterhalb einer Betriebsgrenze, definiert
durch die Echtzeit-Schwellenwertdaten
(616),

der Echtzeit-Betriebsparameter (606) liegt
unterhalb einer Mindest-Betriebsgrenze fiir
eine akkumulierte Hochst-Zeitdauer, defi-
niert durch die Echtzeit-Schwellenwertda-
ten (616),

der Echtzeit-Betriebsparameter (606) liegt
oberhalb der Betriebsgrenze, definiert
durch die Echtzeit-Schwellenwertdaten
(616), oder

der Echtzeit-Betriebsparameter (606) liegt
oberhalb einer Hochst-Betriebsgrenze fir
eine akkumulierte Hochst-Zeitdauer, defi-
niert durch die Echtzeit-Schwellenwertda-
ten (616),

dadurch gekennzeichnet, daR

der Wert der Echtzeit-Schwellenwertdaten
(616) aktualisierbar ist, basierend auf einen
vorhergemessenen Wert flirden zumindest
einen Echtzeit-Betriebsparameter (606),
der auBerhalb der Betriebsgrenze liegt, de-
finiert durch die Echtzeit-Schwellenwertda-
ten (616) zum Zeitpunkt der Messung des
vorher gemessenen Wertes fir den zumin-
dest einen Echtzeit-Betriebsparameter
(606).

Vorrichtung nach Anspruch 6, bei welcher die Pra-
ventivwartungslogik den Warnungshinweis fiir die
Praventivwartung einem Allgemeinbehandler (714)
zur Erledigung kommuniziert.

Vorrichtung nach Anspruch 7, bei welcher der War-
nungshinweis durch ein Praventivwartungssystem
(600) visuell als Indikator angezeigt wird, der einen
Gesamtgesundheitszustand des Formungssystems
(100) reprasentiert.

Vorrichtung nach Anspruch 8, bei welcher der durch
den Indikator angezeigte Gesamtgesundheitszu-
stand einen Aggregatwert reprasentiert, der aus zu-
mindest zwei Echtzeit-Betriebsparametern (606),
die in dem Warnungshinweis Ubertragen werden,
kompiliert wird.

Vorrichtung nach Anspruch 8, bei welcher das Pra-
ventivwartungssystem (600) zum Empfang von War-
nungshinweisen aus einer Vielzahl von Formungs-
systemen (100) betreibbar ist und gleichzeitig den
Indikator anzeigt, welcher den Gesamtgesundheits-
zustand jedes Formungssystems (100) der Vielzahl
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von Formungssystemen (100) anzeigt.
Vorrichtung nach Anspruch 6, die ferner aufweist:

ein Vergleichsmodul (602);
Betriebsgrenzdaten, definiert durch die Echt-
zeit-Schwellenwertdaten (616);

Sensoren (200), wobei die Sensoren (200) zu-
mindest einen Echtzeit-Betriebsparameter
(606) Uber das Formungssystem (100) bereit-
stellen; und wobei der Vergleichsmodul (602)
den zumindest einen Echtzeit-Betriebsparame-
ter (606) mit den Betriebsgrenzdaten zur Anzei-
ge des Betriebsstatus des Formungssystems
(100) vergleicht; und der Vergleichsmodul (602)
eine Aulertoleranzbedingung des Betriebssta-
tus anzeigt, die entweder unterhalb einer Min-
dest-Betriebsgrenze oder oberhalb einer
Héchst-Betriebsgrenze zur Anzeige der erfor-
derlichen Praventivwartung liegt.

Vorrichtung nach Anspruch 11, bei welcher der Be-
triebsstatus einer ist, der unterhalb der Mindest-Be-
triebsgrenze und oberhalb der Hochst-Betriebsgren-
ze liegt, wobei der Vergleichsmodul (602) ferner fest-
stellt, daR dies nicht gestattet ist, oder dal} eine
Hochstgrenze erreicht ist und anzeigt, da die Pra-
ventivwartung erforderlich ist.

Vorrichtung nach Anspruch 11, bei welcher die Be-
triebsgrenzdaten zumindest eine Héchstgrenze um-
fassen, die auf Zeiteinheiten basiert.

Vorrichtung nach Anspruch 11, bei welcher die Be-
triebsgrenzdaten zumindest eine Hochstgrenze um-
fassen, die auf der Frequenz des Auftretens basiert.

Vorrichtung nach Anspruch 11, bei welcher die Be-
triebsgrenzdaten zumindest eine Hochstgrenze um-
fassen, die auf einem Parameter basiert, der einen
vorbestimmten Wert hat.

Revendications

1.

Procédé de maintenance préventive en temps réel
d’un systéeme de moulage (100), comprenant les éta-
pes dans lesquelles :

ledit systeme de moulage indique une sortie de
la condition de tolérance en fonction de ce qu’au
moins un paramétre de fonctionnement en
temps réel (606) dudit systtme de moulage
(100) est a I'extérieur d’'une limite fonctionnelle
définie par des données de seuil en temps réel
(616) ;

ledit systéme de moulage crée une notification
d’alerte pour la maintenance préventive ;
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ledit systtme de moulage communique ladite
notification d’alerte a un systéme utilisateur
(702) ;

caractérisé en ce que

ledit systeme de moulage met a jour la valeur
desdites données de seuil en temps réel (616)
quand une valeur mesurée au préalable pour
ledit au moins un paramétre de fonctionnement
entemps réel (606) est hors de ladite limite fonc-
tionnelle telle que définie par lesdites données
de seuil en temps réel (616) au moment de me-
surer ladite valeur mesurée au préalable pour
ledit au moins un paramétre de fonctionnement
en temps réel (606).

Procédé selon la revendication 1 dans lequel ladite
notification d’alerte pour ladite maintenance préven-
tive est fonction de ce que ledit au moins un para-
métre de fonctionnement en temps réel (606) est au-
dessous d’une limite fonctionnelle minimale définie
par lesdites données de seuil en temps réel (616).

Procédé selon la revendication 1 dans lequel ladite
notification d’alerte pour ladite maintenance préven-
tive est fonction de ce ledit au moins un parameétre
de fonctionnement en temps réel (606) est au-des-
sous d'une limite fonctionnelle minimale pendant
une durée accumulée maximale comme définie par
lesdites données de seuil en temps réel (616).

Procédé selon la revendication 1 dans lequel ladite
notification d’alerte pour ladite maintenance préven-
tive est fonction de ce ledit au moins un parameétre
de fonctionnement en temps réel (606) est au-des-
sus d’une limite fonctionnelle minimale définie par
lesdites données de seuil en temps réel (616).

Procédé selon la revendication 1 dans lequel ledit
au moins un parameétre de fonctionnement en temps
réel (606) est fonction d’au moins I'un des types sui-
vants de données, et de toute combinaison ou per-
mutation de ceux-ci :

tension ; intensité ; pression ; humilité ; acidité ;
alcalinité ; contrainte ; déformation ; vibration ;
contamination par des particules ; vitesse de
fonctionnement ; alignement ; viscosité ; etqua-
lité de la partie moulée.

Appareil de maintenance préventive en temps réel
d’'un systéme de moulage (100) comprenant :

une logique de maintenance préventive,

une logique de systéme interne (706),

une logique de planification de service, et

une logique de gestions par parties,

ladite logique de maintenance préventive pou-
vant recevoir une notification d’alerte pour ladite
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maintenance préventive en fonction d’'un para-
métre de fonctionnement en temps réel (606)
dudit systéme de moulage (100) dans au moins
une des conditions suivantes, ou toute autre
combinaison ou permutation de celles-ci :

ledit parametre de fonctionnement en
temps réel (606) est sous une limite fonc-
tionnelle définie par les données de seuil en
temps réel (616),

ledit parametre de fonctionnement en
temps réel (606) est sous une limite fonc-
tionnelle minimale pendant une durée ac-
cumulée maximale telle que définie par les-
dites données de seuil en temps réel (616),
ledit parametre de fonctionnement en
temps réel (606) est au-dessus de ladite li-
mite fonctionnelle définie par lesdites don-
nées de seuil en temps réel (616),

ledit parametre de fonctionnement en
temps réel (606) est au-dessus d’une limite
fonctionnelle maximale pendant une durée
accumulée maximale telle que définie par
lesdites données de seuil en temps réel
(616) ;

caractérisé en ce que

la valeur desdites données de seuil en
temps réel (616) peut étre mise a jour en
fonction de ce qu’une valeur mesurée au
préalable pour ledit au moins un paramétre
de fonctionnement en temps réel (606) est
al’extérieur de ladite limite fonctionnelle tel-
le que définie par lesdites données de seuil
en temps réel (616) au moment de la me-
sure de ladite valeur mesurée au préalable
pour ledit au moins un parameétre de fonc-
tionnement en temps réel (606).

Appareil selon la revendication 6, dans lequel ladite
logique de maintenance préventive communique la-
dite notification d’alerte pour ladite maintenance pré-
ventive a un utilisateur général (714) pour résolution.

Appareil selon la revendication 7, dans lequel ladite
notification d’alerte est affichée visuellement par un
systéme de maintenance préventif (600) comme un
indicateur représentant un score de santé global du
systéme de moulage (100).

Appareil selon la revendication 8, dans lequel ledit
score de santé global indiqué par ledit indicateur re-
présente une valeur assemblée compilée a partir
d’au moins deux parametres de fonctionnement en
temps réel (606) transmis dans ladite notification
d’alerte.

Appareil selon la revendication 8, dans lequel ledit
systéme de maintenance préventif (600) peut fonc-
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tionner pour recevoir des notificatlons d’alerte a par-
tir d’'une pluralité de systemes de moulage (100), et
afficher simultanément ledit indicateur représentant
le score de santé global de chaque systéeme de mou-
lage (100) de ladite pluralité de systémes de mou-
lage (100).

Appareil selon la revendication 6, incluant en outre :

un module comparateur (602) ;

des données de limite fonctionnelle, définies par
des données de seuil en temps réel (616) ;
des capteurs (200), lesdits capteurs (200) four-
nissant au moins un paramétre de fonctionne-
ment en temps réel (606) concernant le systeme
de moulage (100) ; et dans lequel

ledit module comparateur (602) compare I'au
moins un paramétre de fonctionnement en
temps réel (606) avec lesdites données de limite
fonctionnelle pour indiquer I'état de fonctionne-
ment du systéme de moulage (100) ; et ledit mo-
dule comparateur (602) indique un état hors de
tolérance si le statut fonctionnel est soit au-des-
sous d’'une limite fonctionnelle minimale ou au-
dessus d’une limite fonctionnelle maximale pour
indiquer que ladite maintenance préventive est
nécessaire.

Appareil selon la revendication 11, dans lequel ledit
statut fonctionnel est 'un d’au-dessous de la limite
fonctionnelle minimale et d’au-dessus de la limite
fonctionnelle maximale, ledit module comparateur
(602) détermine en outre si cela n'est pas permis,
ou si une limite maximale a été atteinte, et indique
que ladite maintenance préventive est nécessaire.

Appareil selon la revendication 11, dans lequel les-
dites données de limite fonctionnelle incluent au
moins une limite maximale fonction d’unités de
temps.

Appareil selon la revendication 11, dans lequel les-
dites données de limite fonctionnelle incluent au
moins une limite maximale fonction de la fréquence
d’occurrence.

Appareil selon la revendication 11, dans lequel les-
dites données de limite fonctionnelle incluent au
moins une limite maximale fonction d’'un paramétre
qui a une valeur prédéfinie.
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